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). This temporal disjunct makes simultaneous sampling of blood and feathers particularly useful, as it allows investigations of diet over two separate time periods. For example, dual-tissue sampling from a nesting female allows her breeding (blood) and moulting (feather) diets to be compared.
When food is incorporated into animal tissue, light and heavy isotopes react differently due to differences in mass and bond strength. Nitrogen atom bonds are formed and broken during amino acid synthesis which leaves the product amino acids enriched in N enrichment in consumer tissues across progressively higher trophic levels of a food-chain (DeNiro & Epstein 1981) . The difference between the dietary isotope value and the resulting tissue value is referred to as the discrimination factor (denoted by Δ). Discrimination factors vary both between species and within, depending on factors such as tissue type (Cherel et al. 2014) ; dietary protein quality (Robbins et al. 2010) ; and the consumer's growth rate (Martínez del Rio & Wolf 2005) . Dietary protein may also be preferentially routed into the synthesis of proteinaceous tissues, such as feathers and blood (Voigt et al. 2008 
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This article is protected by copyright. All rights reserved. studies attempting to establish accurate discrimination factors take metabolic routing into account (but see Podlesak & MacWilliams 2006; Kurle et al. 2014) .
Discrimination factors are typically determined by 'constant diet experiments ' (e.g., Bearhop et al. 2002; Kurle et al. 2013 ) where an animal is fed a controlled diet of very few (usually no more than two or three) food items for a period of months. However, these experiments are costly, timeconsuming and may not be ethical, depending on the species concerned and their natural feeding behaviour. Consequently, discrimination factors have been established for relatively few species.
Values from a related species or generic values from reviews (e.g., Δ 15 N = 3.4‰ per trophic level, Pearson et al. 2003; Kempster et al. 2007; Federer et al. 2012) , making this practice questionable (Caut et al. 2009 ). Certainly, because Δ is tissue dependent (Wolf et al. 2009) , it is inappropriate to apply generic values to all tissues equally. The accuracy of discrimination factors is of central importance to isotope ecologists as they are used to calculate trophic position and relationships (Post 2002) ; and also form an integral part of the equations used in stable isotope mixing models where a discrepancy of just 1‰ can greatly alter the estimated contributions of dietary sources (Bond & Diamond 2011). Parrots (Order: Psittaciformes) are among the orders for which discrimination factors have not yet been established. Here, we devised a methodology to determine stable carbon and nitrogen isotope discrimination factors for kea Nestor notabilis, an endangered parrot for which constant diet experiments are inappropriate due to their extremely varied natural diet and high captive enrichment requirements (Gyula K.
Gajdon, pers. comm.). 
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same time as diet-to-tissue discrimination factors. However, it is also possible to establish tissuespecific differences in discrimination by sampling tissues synthesised at the same time. For example, blood and currently growing feathers, which can easily be sampled from either moulting birds, or nestlings attaining their fledgling plumage, will have been produced over a similar time scale (Quillfeldt et al. 2008) . Therefore the difference in discrimination between feathers and blood can be investigated and species-specific regression equations calculated to allow direct comparisons between tissues. To date, these methods have only been applied by marine bird ecologists, who have recorded differences in Δ Pearson et al. 2003; Kempster et al. 2007; Kurle et al. 2013 ). Here we present the first data on the differences between Δ diet-feather and Δ diet-blood values for a parrot, and the first use of this methodology for terrestrial birds. We also investigate the utility of regression equations derived for use in predominantly carnivorous, marine bird taxa (Cherel et al. 2014) to convert between the stable isotope values from blood and feathers from an omnivorous parrot.
Methods

Determination of discrimination factors for feathers
We obtained 18 kea feathers for carbon and nitrogen stable isotope analysis from a population held at an open-range zoo, Orana Wildlife Park, Christchurch, New Zealand. The kea is an endangered parrot (Robertson et al. 2013) , that inhabits the mountains and rainforests of New Zealand's South Island. They are omnivorous, with a diverse, predominantly plant-based diet (Greer et al. in press) . Feathers were collected during a one week period in February, 2013 from an aviary
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housing five adults. The zookeepers provided a diet sheet detailing the types and quantities of foods fed to the birds per day, along with a sample of listed food items. However, initially an incomplete list was supplied and, although subsequently updated, we did not receive samples of all the food items fed to the kea. From a total of 33 food items, 9 were missing so we substituted available literature values, covering 98% of the keas' diet. The raw data for each food item are presented in Table S1 (Supplementary Material). Listed food quantities were mostly in grams (wet weights) but where a subjective quantity was used (e.g., one large banana), an example of the item was weighed to the nearest gram. Wet:dry weights were obtained by drying a sample of each food to constant mass in a 60°C oven. We used the dry weights of food fed per day in all calculations. Zookeepers were consulted to establish kea food preferences and each food was marked as 'preferred' or 'nonpreferred'. Zoo-keeping protocols require all types of food to be spread throughout the enclosure to prevent monopolisation of resources by dominant individuals. All birds were held on this diet for more than six months prior to sample collection, during which time a moult had occurred. However, foods can vary widely in their per cent carbon or nitrogen concentrations (%C or %N, respectively). Unless elemental concentration is accounted for, foods with high %C or %N can exert an undue influence on the calculated discrimination factor (Phillips & Koch 2002) . Therefore, we
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Finally, discrimination factors were calculated as (Equation 4) In order to investigate the potential impact of metabolic routing we also calculated stable carbon and nitrogen discrimination factors assuming 100% metabolic routing of protein to tissue.
The contribution of each food item to the pool of total dietary protein (O) was calculated as:
This article is protected by copyright. All rights reserved. Table   S2 ). In addition, we modelled kea eating only the more preferred dietary items, because our data were based on the quantity of foods provisioned as opposed to ingested. These two conditions represent extreme limits to the discrimination factors as consultations with zookeepers indicated that kea devoted very little time to sourcing their own food within the enclosure and that most food was eaten at each feed. Final discrimination factors were calculated using the no routing and full routing of protein conditions only. Means are reported ± standard deviations throughout. All calculations were carried out in Microsoft Excel 2010 (Microsoft Corporation, Washington, USA).
Differences between the δ 13 C and δ 15 N values from kea blood and feathers
Blood and feather samples were collected simultaneously from 19 wild kea nestlings (seven females and 12 males from 14 different nests) in the final stages of fledgling feather growth, in Oct -
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This article is protected by copyright. All rights reserved. ethanol and an empty vial which was frozen at -20°C for up to one week and then stored at -80°C until analysis (always ≤9 months).
We averaged the δ 
Exclusions
We lost data from both of one nestling's feather samples and from one frozen blood sample due to a mass spectrometer technical malfunction so we excluded all data from these birds from statistical analyses. One nestling (J2) had a higher δ 15 N blood than δ 15 N feather value (Table S3 ). This is the opposite pattern to that found in all constant diet studies (except Hobson & Clarke 1992), therefore we conclude that J2's pattern is anomalous and indicates a change in diet at a crucial time.
The slower metabolic turnover of blood (c. six weeks) than fledgling feather growth (c. three weeks)
means that a substantial shift from higher to lower trophic level in the diet fed to J2 between the start of blood synthesis and feather growth could result in its feathers having a lower δ 15 N value than its blood. J2 also had the largest tissue difference in δ 13 C (3.30‰), further suggesting a change in diet. Consequently, in order to increase the applicability of our regression equations, we excluded data from J2. However, this case highlights the need for caution when applying this methodology, particularly in opportunistic species which may take advantage of temporary bonanzas (e.g., increases in invertebrate numbers or occasional vertebrate carcasses) to supplement their diet and that of their young.
Sample Preparation
Feathers soaked in 2:1 chloroform:methanol solution for 24 h were rinsed twice in fresh solution and air dried in a fume cupboard for 48 h. The top 1 cm of the inner feather vane was removed and finely clipped. Blood and food samples were dried to constant mass in a 60°C oven and ground to talc powder consistency in a ball mill (Retsch MM2000, Hahn, Germany). Samples were homogenised and weighed out on an ultra-microbalance (accurate to 0.1 µg; Mettler-Toledo UMX2, Greifensee, Switzerland) to 0.5 -0.7 mg for kea tissue and 3.5 -5 mg for food and inserted into individual 4 x 6 mm tin capsules for mass spectrometer analysis. In three cases, the food type was a
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mixture (e.g., insectivore mix or seed mix), so we prepared repeated samples. We did not extract lipids because recent work suggests that carbohydrates and lipids are also used for tissue synthesis and thus a portion of lipid in the diet is desirable to provide the full suite of dietary macro-molecules (Newsome et al. 2014) . Data on the protein content of each food item were sourced from the US National Nutrient Database (2014).
Mass Spectrometry
Samples were analysed for δ were individually combusted at 1050°C under a continuous flow (c. 110 ml/min) of ultra-high purity helium (>99.99%). Molecular N 2 and CO 2 were separated using a gas chromatography column housed in the ECS and held at a static 45°C. IRMS fast peak jumps were calibrated at least daily, and reference gas linearity tests were performed at the start of every other analytical sequence. Internal precision (the standard deviation across ten reference gas analyses i.e., zero-enrichment test) was determined prior to every analytical sequence and was always <±0.06‰ for both δ 
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Results
Determination of discrimination factors for feathers
The food items which comprised the diet of kea at the zoo varied widely in their δ 13 C (mean = -24.83‰ ± 6.66; range = -33.20‰ to -11.15‰) and δ
15
N values (mean = 3.97‰ ± 3.18; range = -33.20‰ to -11.15‰); their %N (mean = 1.09% ± 7.95; range = 0.17% to 9.40%); and their protein content (mean = 6.15% ± 10.20; range = 0.30% to 52.00%; Table S1 ). In contrast, the kea feathers 
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Feathers and blood were also significantly different in their C:N ratios (t 17 = 5.35, p <0.001; Table 2 ).
Individual nestling blood and feather stable isotope values and C:N ratios are available in Table S3 .
There were no differences between frozen blood samples and those stored in 70% ethanol in their 
Discussion
Here we report the first diet-to-tissue discrimination factors for a parrot; and the first equations for predicting feather carbon and nitrogen stable isotope values from blood values to be determined
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using wild birds. When studying species or tissues for which discrimination factors are as yet unknown, the application of these methodologies has the potential to greatly improve the accuracy of dietary mixing models outputs and trophic levels comparisons.
Determination of discrimination factors for feathers
The Δ The unusually high stable carbon isotope discrimination factor reported here may be the consequence of the kea's extremely high basal metabolic rate (BMR; 37% higher than expected from their body mass; McNab & Salisbury 1995) . Given that respiration and BMR are positively related (Mansell & MacDonald 1990) , this suggests that kea also have a higher rate of CO 2 production. The 
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related, proxy for lipid content; Post et al. 2007) . Different amino acids also vary in their isotopic ratios so the differing amino acid composition of these tissues could also contribute to these δ 
leading to the observed trend. We note, however, that little is known about the isotopic composition of cysteine and methionine in feathers, as they were not measured in the only published study on feather amino acid isotopes (Lorrain et al. 2009 ). We propose that the degree of difference between blood and feather δ 15 N values may be more closely related to the bird's degree of carnivory than the ecosystem (marine or terrestrial) they inhabit.
Conclusion
These methodologies have considerable potential to improve upon the large-scale adoption of discrimination values from review articles, especially considering that these may be based on different tissues or sometimes vastly different animal taxa. Indeed, a database of discrimination factors for many species across orders may reveal trends that are not yet visible through the current paucity of data. Although we conducted this work using an avian species, these methodologies can be easily adapted to other classes, including mammals and reptiles. To determine Δ diet-tissue values directly only the tissue selected must be changed. To convert between tissues, shaved mammalian hair can be used instead of feathers, with the length of hair selected matched to the amount grown during the synthesis of blood, or for reptiles, new scales grown in preparation for moulting can be sampled and compared with blood (depending on tissue turnover rates). We hope that researchers will apply these methodologies before relying on generic discrimination factors or making crosstissue comparisons.
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